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[0001] The present invention relates to the technical domain of annulus cementing of oil, water and geothermal wells 
orlhelHw. 

! (0002] These operations have been very weO known in the art as well as In Iheirprinc^jlB that In Iheirpe^ 
the great dWicuHies of their perfomiance have been also weO known. 

[OOOq 111118. these data would be really uselessly recaOed here That is why only the essential will be briefly mer»- 
tionad below. 

[0004] The well cementing operation consists schematically of preparing at the surface a cement slurry which is then 
ro pumped under pressure into the tubing or casing. Such downwardly pumped slurry displaces the drUling mud which cir- 
culates up the surface (where » is carried ofl) through the annulus, i.e. the area between the borehole and the casina 
[OOOq TTiecemertslunryisitselfdisplacedbyaninertfluld.thepunrpedvdiine8oomputation8b^^^ 
ing is stopped when the mud has been replaced by the slurry in the annulus. whie a inert flud is into the ins^ 
casing. The cement sluny is thenlet to set into the annulus. This set cement has then two functions : isolaiion of the 
rs different underground zones and casing mechank»l support 

[0006] It has been appreciated that, to succeed in canying out such an operation, the mastering or monitoring of the 
slurry rhedogy is of primary importanca 

[0007] The control of very numerous parameters is also of prime concern : fluid loss, free water. setlOng thidening 
time (or TP), deveiopment of compressive strength, especially at the beginning of the settfina etc.... cement permea- 
» bilily testing against thefluids which degrade it. etc.... empermea- 
[OOOq It must also be appreciated that since the temperature and pressure cydes to which the cement slurry is sub- 
mitted. i.a ajrface downhole surface, are entirely spedfic of the considered industry, the preceeding subjedB are 
extremely difficult to solve. 

[00091 Further mora the adjustment of the cement sluny density is also very inportait Ibr ensuring the hydrostatic 
5 equilibrium. If the density is too low, the risk is that external fluids may migrate towanis the casing and may be then the 
cause of damagea If. on the contrary, the density is too high, the risk Is that fracturing fregOe Ibrmation may occur wWi 
serious oonsequencea These risle and their inherent requirements are also very specific of the considered industrvi 
All this is also very well known in the art 

[0010] Numerous adtftives of different Wnds are also known and they are used in the art alone or in vario^ 
9 naflona in Older to design the better possible slurry for a given wel. 

oSfc mewia'**^ '* ^"^^ imperfect because many required properties imply using antag- 

[0012] On the other hand, a certain degree of uncertainly is always present aelto- as the bottom hole eonditfonafbr 
exanvle. maximal temperatura thief zones presence etc.... are concerned. In the prior art these uncertantiee imply 

f for exanpia an overdosage of some addnive(s) to avoid a m^ risk. 

Sd costs"''* "^"^ complexity of slurry design, used means and used additives, with the inherent riste 

[0014] The present invention provkles a design technique of the cement slumes. characterized by a <^eat simpltoity 
a low cost, and the exceUence of the achieved propertiea A spectacular improvement of an the useful properties is 

> l^^^^^lf*"***. in a easy manner without produdng any disadvantages and espedally without any antagonisms 
between the achieved effecta 

[OOiq The method according to the present invention is characterized in that into the cement slurry is incorporated 
irwoluble particulate additives so that thdr combination with eadi other and with the 

nenta espedally with the cement partkdes. wlU produce a size range dMributkm whteh wiU deeply change in an unex- 
• pectedwty numerous slurry essential properties. 

[0016] Most preferably, said paniculate additives are of mineral type The mineral additives are most preferred 
because of their low cost and their positive effect on the environment. However, the present invention c» also use plas- 
tic wastes or other wastea obviously to be crushed according to the axpeded size langa As a secondary oonsidera- 
tkxi. this may have a benifteial effed on the environment by disposing in the ground (obviously contronedQ wastes which 
can not be degraded and otherwise which shouM be put in a waste disposal area. 

[00171 In the slate of the art additions of particulate minerals to a cement slurry have been already can-ied out as 
weU towwn in the «Svil engineering domain, in order to irtprove the conpressive strength. Among others, the artele of 
F.de larianJ published in Xemert and Concrete Reseaid,-vd 19. p.161-172. 198^^ 

not be obviously stated between the required properties of a dvl en^eering cement and those required teTa -belro- 
leum* cement 

[001^ Espedally. neither the above menlianed tenperature and pressure cydes nor the above mentioned reauire- 
^1^5121!^ Uk««sa there isrcom- 

panlion at an between the cwil engineenng application requirements lor free water or flUd loss and the con^ 
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applications, as well as the consequences of a deficiencyiTTius. the above mentionned article doesnl even mention 
these properties. Moreower. most of the oDwells cement requrements are not required for civ8 engineering cement or 
they are very lower according to a very different magrtitudei Finally, in the civil engineering applicalions. the size range 
requirements are very rough (concrete, mortal). 
5 [0019] Particuiate additives have been also added to oilwdls cements, especially to make heaxor or lighten the cenf^ 
(adjustment of the slurry density). 

[0a2(q In this case, the size range is not tal<en into accowit or the recommended size range is the opposite of which 
the present invention recommendes. 

[0021] However, some conditions, in the ailweils cement domain, exist for which a mineral additive having a particular 
10 size range have been tried to be incorpaated. 

[0022] Thus, attempts have been carried out in order to incorporate micro^ica, micro-barium hydroxite 
or Inicionic' manganese oxida (about micron size). 

[00231 Low cost minerals (ashes etc...) have been also tried to be incorporated, but in this latter case, without 
size range preoccupalions. 

IS [0024] In IheolweOs cements, it has been also known how to use particJateadcfilives such as barium hydroxide or 
silka ffcxir.or mkTosilica or agglomerated coUoMal silica but their size range is substantially equal to cement size range, 
or such as hematite of which the size range is just larger than the cement one. 

[0025] Moreover, in the state of the art. it must be noted that indeed, substantially all sensitive properties of a oilwells 
slurry, especially rheotogy. fyd kiss control and settling, have been controlled up to now (with the tdbove indicated Bm- 

so its) with the help of orgartic additives. 

[0026] These additives sat a serious problem which has been well known in the art and which is that most of Ihem 
have a simultaneous and contradictory action on a given property or simultaneously on several properties. 
[0027] For example, a dispersing agent lowers the viscosity but improves the settling. A fluid loss control agent obvi- 
ously kNvers the fluid loss but increases the viscosity. Moreo>^, most of recenlly known and used additives also have 

25 an influence on the cernent hydration mechanism and then, among Others, on the thickening time (TT). 

[002q It has been also known that the effideney range of sudi additives is Often nanow due to an inportartsensivliy 
to temperature, to ion conoentralion (salts) of the interstitial water, etc.. .. Despite tong and expansive devetopmenlB. the 
result is often a fonnilatlon whkii is suitable only for that temperature andtor that salinity, eta... 
[00291 This has been admitted in the prior art for sevwaldecadea Thus, the number of additives has been multiplied 

30 with generally speclfk: conditions of use tor each one. in order to mitigate the disadvantages of the more and more 
important complexity of the possible solutkms. numerous softwares have been developed. These softwares only point 
out the chemical fbrnudalion complexity, and make easier the management of this complexity, but without solving the 
disadvantages. 

[0030] In a surprising manner, the present invention removes the complexity 

35 [0031 ] F=or the first time since several decades, instead ct combining together mae and more addtives which are 
mae and more corrpleot it has been dscowered that numerous essential properties could be met by reasoning in tenm 
of selections and combinations of (prefbraUy mineral) particulate products having different size ranges. 
[0032] Such (mineral) products used according to the present invention are espea'ally silica, hematite (or other iron 
Qxkle), barium hydroxide, and also cartx>nates. alumina etc..., plastic wastes and other obviously oonpatible wastes. 

40 Especially, the chokse ooukl be determined by. tor example, the density to achieve. It has been discovered that by using 
most often a selected combination of several size ranges of this type combined with ttie size range of the cement a con- 
verging set of favorable properties have been spontaneously achieved. provicGng ttiat the size ranges of the considered 
products are selected, as well as their respective proportions, in order to work at the maximum PVF, or as dose as pos- 
siUe (taking into account other stresses such as density or water/cement ratio) to this maximum PVF (PVF being tfie 

«5 PacMng Volume Fraction), of course according to the selected size ranges and also provkling that the proportnn of soTd 
matters in relation to the mixing water is selected so that the sluny is k)cated in the hindered settiing state. It is known 
thai, in such a stata sdid partides behave 'coflectively' like a porous solid material, ttie percentages of the different 
fractions bebig the saine from the top to bottom of the oolunm. On Ihe contrary, out of this state, the cGfferent size par- 
tides or different density partides whose size is neighbouring will settie separately with different speeds. This hindered 

50 settling state oorresponds. in practice, to much higher solid matter concentrations 'n the slurry llian that admitted in the 
prior art.. It has been discovered a high solid matter concentra ti on threshold beyond which the hin dered settling state 
appears. This threshdd depends of course of the chosen size ranges. 

[0033] K is importam to mention that such concentrations that had been judged inpossible to use in the prior art (seri- 
ous problems of too high viscosity and mixabtiit^ are usable aooonling to the Invention ttianis to the di^ 
55 tions that are dose to the PVF max. 

[0034] The invention consists theretore of the combination of ttiree momentous features : 

a) use of at least three particulate materials tfiat are insoluble in a preferably aqueous medium, and preferably min- 
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oral, one at least of these being an ofl cement or a conparable hydraulic binder, the (at leasO three size canoes 

being "dfejolnted" (see further description) 

am 

b) the choice of the proportions in the solid matters defined at a ), in relation to the liquid, preferably water, or "mw 
water so that the achieved fluid should be located in the hindered settfing statA 

am 

c) the choice of the proportions in the sofid matters defined at a) between each other, and as a functi^ 
respective size ranges, so that the cperatons are run at the PVF max of the whole of the considered particles, or 
as dose as possible to the PVFnax. 

[OOSq It has been seen that "hindered settling* threshold has never been neither reached nor ^oched in the prior 
art of the oil cement.. On the contrary, those skilled in the art used io take care in order to remain to sofid matter con- 
centrations that were low enough to be sure to avoid the foreseeable serious problems, due to the fcir too hig^ 
able viscosity and the high sensitivity of the properties, especially the viscosity, towards the liquid content, sensitivity 
that of course, those skilled In the art always try to reduce. 

■T0361 Concerning the criterion in relation to the PVF, its importance has never been mentioned in the general prior 
rt of particulate materials. Thus, the theology, the free water, the settling, the fluid kss contnU. the oonpreesiwe 



strength, the mixbility and the permeability have been favourably and simultaneously inproved. and al this without sub- 
^anfoly needing to use conventional organic addftives. 

[0037] Indeed, the present invention consists of. and allows, combining the above sizes to very tavoiable values, by 
combining minerel materials of different, approprietly selected, size ranges with the size range of the cement, after what 
anaoarato adjustment of propertes is able to be carried out by a^ 

(00381 The means of the present inventton radicany deviates from al the prior art teachings which have been accu- 
mulated and used since several decades with the above mentioned results, and moreover, the instaled itxitine has 
implied the definition of precise standards such as, for example; API (American Petroleum Institute} Ibr the barium 
hydroxide and the hematite,from which the present invention also deviatea Contrary to the prior art which owisietB of 
adding, in very precise rare cases of appRcations, fine particles such as micro-silica with the known (fsadvanlage of the 
increase of the viscosity and of the effect on the cement hydratton, the present invention uses (in the above mentiomed 
spedfic conditions) pank:le6 of whkii dimenstons can be larga In the prior art parities of large diameter have never 
been added, the general opinion being that a classic differential settling would occur. 

I0039I This is really the case if prior art teachings are applied, for which only two particle sizes are very generally 
TOSoaa tedVWthout being Omited by any theory, it seems that the constart prior art has never achi^ 
important nuntMr of paramelere which occur in theology etc... when there are more than two size ranges. 
[0040] On the contrary, the present inventkxi is based on a radically opposed concept, caled below "multimodal". This 
concept has allowed mixing simultaneously more than two different size ranges including laige dimensions. The result 
has been that, provided that at least a small quantity of fines had been mixed . and that the three above criterions have 
been respected at the same time, no significant settling oocured. but. moreover, in a very unexpected nvnner aD the 
slurry essential properties were really improved without any use of conventional additives. 

[0041] The "multimodaJ- concept (as well as its optimal realization which consists of the "mullicontinuity- of particulate 
phases) according to the present invention will be more explained from the following detailed descriptwn 
[0042] It is linked to the above mentionned PVF feature and is based first on the use of large dimenskxi mineral oar- 
ttdes (the Targel As above menttoned. this absolutely goes againat the constant teaching of the oil industry prior «i. 

des (the "fines") and it has been diecovered that the Targe", the cement ("medium") and "finee" ooopeiatnn staUKzed 
the fluid instead of producing the expected disadvantages (setting, viscosif icatkm*) according to the prior art teaching 
The invention, accotdhg to the three above ftelures. even makes it possible to incorpoiate -very laroe-par^ 
[0044] Moreover, the inventton makes it possible, in some cases, as it wiU be further established, even ^ 
cement any tnore. 

[0045] In any cases, the invention signif icantiy reduces the cost of oil cement slutries. which is an inperative that has 
never been reached tor about ten years in oil industry. Obviously, once this "muitimodai" concept had been stated, the 
different wnnbinatn^ between the cement cne or several "fines', one or several "laiges", or the like, have been tried 
to be multiplied. All the results have been convetgent 

^°?5? J^^S!^ ^ ^* ^ inventbn. which consists of incorporating the "laige" paittelee 



cement (average dimenston - 10 - 20 micrametere) 
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• Tine' (average dimension » i micrometer) 

• "Very fine" (average dimension = 0.1-0.15 micrometers) 

already allowed the almost perfectly achievement of all atxwe mentioned advantages. The atsence of conventional 
5 addtives should be obviouBly noted. It seens that in this case, the cement functions as 'large' particle. 
10047] However, a tetramodal' combination of the further type (also not by way of limitation) : 

large' (average dimension about 200-350 micrometers) 
'medum'cement (average dimension a i o - 20 micrometers) 
10 • Tme '(awerage dimension - 1 micrometar) 

• Vary fine' (average dmension - 0.1 - 0.15 micrometei) 

furthermore improves aH of the desired propertiea 

PXMQ Moreover, the addilkm of large or very large partides such as sand allows, in a spectacular nmme^^ 
75 cost reduction which the industry has tried to achieve without success for about ten years. 

[0049] It has also been surprisingly noticed that, in spite of the desired very strong solid matter concentration accord- 
ing to the invention, the mixability was consideraUy improved. In tact it is known to be an essential property of the oil 
cement slurries, which is standardized among others the API. 

[0050] Other essential asset, the invention makes it possible to reduce the rheotogy sensitivity to external features 

20 (such as for example fluid loss or water income etc. ..) 

[0051 ] Indeed, the cement slurry placed in the annulus undefgoes physiochemical exchanges with the medums that 
andrde it It is the wen known slurrry 'dehydrating' or "bridging' hazard that of course makes it lose all its important 
properties. This hazard is of course aB the higher as the solid matter concentration is high. 
[0052] H is one of the reasons why. in the pria art, it was used naeat to work at hiflti solid matter concent ra tions, in 

25 order to minimize this risk. 

[00S3] (>i the contrary, the inventtonworic above the settting threshold that leads to the Nnderedsetaing state 
wel established prior art used to teach that a very high dehydrating risk shouM then appear. On the contr^^ 
occurs thanks to the PVF max criterion. The invention improves therefore also the saf^ of the operatkNis 
[0054] The tetramodar mode will be generally prefen-ed to the trimodarmoda 

ao [0055] An essential characteristic which has to be respected is that the used size ranges do not widely overiap each 

[0056] In practice, it can be roughly consklered that the criterion which has to be respeded is that the size range 
cunws have an 'offset' of at least a half-peak distance as below deputed. 

35 I i 



[0057] This criterion can be th«i roughly syntniized by the 'dsjointed size ranges' notion which wfll be used bekw 
for more clarity 

[0058] For example^ vary good results have been achieved with a 'offser ratio of about 5 to 50 arid prete^ 

1 0 between each average dimension, as aoooiding to the tri and tetramodal above examples but not by way of Bmila- 

S5 tkxi. 

[0059] Obviously, a "pentamodal" mode etc... produces results which are at least as interesting as the results given 
by a tetra or even tri-modal mode However, the addittonal property profit is linked with additional complex i ty, and these 
modesw though they are reaBzatjIe and usaUe. wiB be less prefeired except for some very particular applicationB. 
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[006Q] The further oonMnations will also be citad (aonrding to the above mentionned criterions) between the further 
categories (not by way of fimilation) : 

• Very large', tor example glass maker sand, crushed wastes (average dimension> 1 mm) and/or 
5 large*, for example sand or crushed wastes (average dimenlion- 200-800 |im)and/or 

'medium' like a material such as cement or an other hydraulic binder, or crushed wastes (average cSmention 1 0- 
20tim)and 

- "fine' like, tor example, a microcement or some miao fly ashes or some other micro slags (average dim«ition 0.5- 
10 )im) and/or 

ro - ^wryfne'nke, for example, a latex a some pigments or some polymer rracrogels like a usual fluids 
agent (aMarage dimenHon O.OfrO.5 (im) and/br 

'ultra rme' like some colloidal silk» or aluminium, etc... (average dimension 7-50nm). 

'uHra fine' partides are only used for example in the cases where an extreme stoppage or plugging is defied in 
an agressive medium, and for example at a high temperature, when cost is not the most invortant ftatura 

15 

10061] In many cases, it will be possible to avoid the use of "very fine' partKles. Indeed, the further inprovement in 
the properties, whwh is brought about by adding "very fine' partides, could be economically urprof itabie. espedaily as 
far as the filtrate control is concerned. It will be noted that this is possible only thanks to the already momentous 
improvement achieved according to the inventnn by a combinatton that doesn't induda any "very fine* particles, the 
20 said improvement making it possible to content oneself vnth very weak amounts of costly organic addHives. 

10062] In practice, as win be shown by the further examples the main part of usual cementing can be achieved (always 
with respect lor the three basic aforementtoned criterions) with combinations of the type (not by way of limitation) : 

varytaiga 
2S • large 

• medium (tor example cemen9 

- fine 
flc 

- large 

30 - medium (for example, cement) 

• fine 

a. 

• large 

• mecium (crushed wastes) 
SB fine (microcemenQ 

S2C 

- large 

• medium (crushed wastes) 

- fine (micro fly ash, eto...) 

40 

and other combinations that will appear obvious for those skilled in the art 
[0063] In the very last case, the cement absence wiD be noted. 

10064] According to one embodiment the present inventton generally consists of the conMnation of : 

48 A - "Large" part'cles having an average dimension of about 100 - 300. preferably 200 mferometers. seJected for 
example among sand, siica, carbonate, barium hydroxide, hematite, or other iron oxidee, carbon, sulfur, and some 
crushed plastic industrial wastes or others. 

B • 'Medium' particles (about 10-20 micrometers), like for example an oil cement 
C - "Fine' partkdes (about 1 miaometer) selected among : 

so 

• the carbonates (marble, chalk. cak:ite*) 

- the barium hydrodde fBlanc fixe") 

- the hematite and other iron oxides 

- the siGca. the carbon, the sulfur or the Uka 
SB • and some fine industrial wastes. 

D - "ViBry fine* partidee (about 0. 1 micrometer) as for exanple a latex, a siEca condensate (silica fume) or a con- 
densate of manganese oadde fumes. 
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[0065] The fields of relative proportions for the different kinds of particulate materials woni be given here. Indeed, 
these percentages of A. B. etc... must be established according to the achievement criterion of the PVF max or a PVF 
asdoseaspossibietothePVFmax. It win be assumed itiat the calculation of the PVF is l<nown and usual. K is based 
on kno««n equations indudng a 'cutting' of each size range of each component of the participate blendng. In the fur- 
5 ther enuTfjles, the PVF values have been achived by dnriding each size range cune of each oornponent into 31 frac- 
tions'. 

[0066] As it has been seen, H will also be very profitable to use "Very large* particles (>1 mm) and, in the cases for 
which the technical problems to be solved are eidreme, 'uHre fine' particles. A particularly profitable oonMnalion wil be 
ofthelrimodal'type: 

10 

• large sand (glass maker sand) 350 micrometers 

- material (some cnished industrial wastes) 10-20 micrometers 

- ntoosiica or industrial metes 0,5-3 nwrameters, the said confiiinati^ 

% in relatk)n to the sdkte) of fluU loss control agent and possibly very slight amounts of other usual organic ad^ 
IS fives, to optimize and refine the fluid properties 

[0067] TTie fblkiwing examples illustrate the invention without howerer limiting its soopa 

Exanplel 

20 

(0068] A cement slurry with a normal density of 1 5.8 ppg (1 ,89 g/cm^ was obtained with the fUkwing compositkm 
("trimodal") : 

-SiSca(180|im) 23 %l)y weight of solids 

25 • Cement (about 20 |im) 51 %l>y weight of solids 

Dyckheitwff API dasse -Q* 

Tropical version "Quir 

30 - Barium hydroxklerBlanc fixe") (about l)im) 26%byweightofsolkte 

(all the partide dimensions are average values) 

[0069] A paosity of 59% was obtained, and the further rheology after mixing was obtained: 

55 PV -2ScP 

Ty -57fa^00Sqft(27,3Pa) 

[OOTQ] It has been noted that, whithout any chemical additives^ the rheok)gy is already comparafivaly kw and then is 
correct. 

40 

Ree water : 0 

Compressive strength: 3300 psi (23 MPa) after 24 h. at 18S*F (85*C). 

43 

[0071] A nghlenedceinert Slurry with a density Of 12 ppg (1.44 g/bm^) was Obtained with the fblkiwin^ 
(Irimodal^ : 

-Cashed plastic wastes (300 tim) 24%by weight of solids 
so -Cenmnt (as exanplel) 50%by weight of solids 

-Fme carbonate (about 2 iim) 26%by weight of solids 

[0072] The porosity is 56 %. 

[00731 The main problem of such sturries, i.e. their wefl known stability deftet is solved without any chemical addi- 
55 tives: no settling is observed. 

[0074] The free water is only 3 mj/250 ml. that means about 1%. wfvch is an excellent result 
[0075] The compressive strength is 1450 psi (10 MPa) atter 24 h. at 1 85*F (85*C) 
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[0076] A heavy cement slurry with a density of 19 ppg (2,1 g/cxr?) was obtained with the tollowing conposition ("Iri- 
modaT) : 

5 

-Large hematite (300 fim) 58 % t>y weight of solids 

•Cement (as example 1) 20%byw8lghtorsolid8 
- Industrial Wteta of iron oxide type (atxxjt 2 urn) 22%byweightorsolid8 

10 [0077] The porosity is 57 %t 

[0078] The rhedogy after mixing Is : 

PV= 15cP 

Ty=i 6b/100 8C|ft(2.9Pa) 

75 

[00791 The compressive strength after 24 h. at 185'F (85«C) is 2180 psi (15 MRa) 



20 [008(q Differed cemert slurries have l)een prepared according to the API standards, wHh a basis of -Dy^ 
cement API dass a Tropical version (X3un- 

[0081] TTie slurries have been submitted to the mixability test, according to the API standards. 
[00B2] The compositions, properties and results are gathered in the further Table I. 

[0083] For each test, a comparison was made between a slitfry constituted according to the prior art methods, namely 
as without respecting the three above criterions, and by trying to inaease the solid matter contents, and a shiny constituad 
accorcfing to the invention. The comparative slurries are fiieatlx impossWe to mix , whereas on the contrary, the slurries 
acoorcfing to the Invention are deariy nixaUe. 

[0084] This is quite surprising while taking Into account the additives added, and the proportions ther^ 
[0085] The tests n« Set 8 wH be parficularty noticed. 
30 [0086] The test n- 5 (35% by weigM of sISca in relation to the cemenQ corresponds to a slurry that Is usually knom 
in the pria art as InpossiUe to use because it is in practice inpossUe to mix. except in presence of a great amount of 
a usual distributing agent. 

[0087] On the contrary, in the test n' 6 according to tiie invention which contains the same proportion of slica, and 
has the same density and the same soiids/iiquid ratio, the size range choice according to the invention criterions leads 
35 to a slurry that can be quite easily mixed and cast without any distributing additive. 

[0088] As far 86 the last test (n* 8) is concerned, the optimizatian of the PVF makes it possiUa^ by incorporating 85 
% of siBca. to obtain a mixable skirry to a high density, where as at this same density the classic siUca fkjur-^^ 



40 ExanylaS : Tests wHh fine iron oxide. 

[0088] As indk»ted in the first part of the further Table II, sliirries were prepared of "DyckerhofP Cement Class Q API 
Ttopfeal Versfon "Gulf. The acNeved densities are also mentionned. 
[0090] The test results are gathered in the second part of Table II. 
45 [0091] An exceJIart slurry stability wlH be noticed, partcularty while considering the tow rheotogyv^ 

[0092] Among others, the n* 8 test shows an almost complete lack of setUing (cf Ap) and free water for a slurry whose 
shearing threshoM Ty and plasfic viscosity are vary tow. 

[0093] As to test n- 1 . it shows that at an extremely high density, the invention still makes ft possUe to define a oer- 
fectiypumpable fluid. *^ 



[0094] The slurry n* 9 of Table II was took up again 

55 Cement 47% by weight of solids 

Silica (180 (im) 26%by weight of solids 
Iron oxide (2 )im) 27%by weight of sdMs 
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and this slurry has besn tried to be optimized by vary BMe addHive amou^ 

fluid loss control agent of type acrylic terpdymer : 
0.91 % by weigtit of cement. 
5 • setting retarderaagent of type lignosuHonate: 
0,14 % by weigtit of cement. 

[0095] At 185'>F(85*C),ttie setting time is 6 h 50 min and the API fluid loss is 111 ml after 30 minutes. 
[0096] This exanrple shorn 1NU the invention makes it posGibie to obtain a sliOTy whose properties 
10 liWe usual additive amountB, therefore at Imr cost 



TABLE I 



15 


Test 


Particulate addi- 
tive* 


concentration % 
BWOC 


density in PVF 
g/cm3(ppg) 


porosity % 


soTid/liquid ratio 


mixability 




1 


FS 


35 


2.04 (17)0.732 


48.34 


1.075 


NO 




2 


SA 


35 


2.04(17)0.765 


48.34 


1.075 


YES 


SO 


3 


FS 
HE 


60 
4.78 


2.04 (17)0.740 


47.62 


1.105 


NO 




4 


SA 
Rl 


60 
4.155 


2.04 (17)0.787 


47.62 


1.105 


YES 


2S 


5 


FS 
HEM 


35 
25.7 


2.16(18)0.740 


47.62 


1.108 


NO 




6 


SA 


35 


2.16(18)0.802 


47.62 


1.106 


YES 


30 




Rl 


21.69 












7 


FS 
HEM 


35 

63.21 


2.28 (19)0.749 


47.62 


1.105 


NO 




8 


SA 


85.1 


2.28(19)0.847 


47.62 


1.105 


YES 


36 




Rl 


91.36 











FS > siBca flour (20 miaometais) - SA sand (160 micrometers) • HE > hematite (100 micrometers) 
Rl - industrial wastes of type iron oxides (aboU 2 miorometere) - BWOC - t)y weight 01 cement 

40 



TABLE 11 (1) 



45 


Test 


Cement (fraction in vol- 
ume) 


silica 180 miaometers 
(fraction in volume) 


Iron oxide 2 miaometers 
(fraction In volume) 


density 












(ppg) 


(g/cm^) 




1 


0.3 


0.2 


0.5 


21.81 


2.62 


50 


2 


0.7 


0.2 


0.1 


17.88 


2.15 




3 


0.3 


0.65 


0.05 


1&45 


1.98 




4 


0.7 


0.25 


0.05 


17.29 


2.08 


55 


5 


0.5 


0.2 


0.3 


19.85 


2.39 




6 


0.3 


0.425 


0.275 


19.13 


2.30 




7 


0.7 


0.225 


0.075 


17.59 


2.11 
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TABLE 11(1) (continued) 



Test 


Cement (fraction in vol- 


sflica 180 micronteters 


Iron oxide 2 nvcrometers 
(fraction in volume) 


density 










(PPO) 


(g/cm^) 


8 


0.5 


0.45 


0.05 


16.87 


2.03 


9 


0.5 


0.325 


0.175 


18.36 


2.21 


• API mixnig oonditions 
-poreGitySO% 










- 29S,14g of water and 6g of distributing agent of type polyn^jhthalene sulfonate 
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30 



36 



SO 
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if 






= i 2 i i i i 5 i 






a. o 


? 3 2 S S S § S ^ 




57.9 
10.9 

0.5 
6.17 
20.5 

5 

7.2 
2.5 
6.7 


^ 

f 


S 2 : 5 S 2 2 s S 


a. o 


S 2 S 5 i 5 i 2 : 


+ 2 


2 5 5 2 3 5 5 3 5 


f 


3232^5225 


1 
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1 . A cement slurry tor cementing oH. water, gas geottiermal wells and the like, comprising a mixing fluid such as water 
and an mohAie particulate mixture conprising of at least three size-distinctive particulate materials selected from 

5 a group consisting of: 

(D particles having an average particle size greater than 1 mm, far example glass maker sand or crushed 
wastes (Very large'): 

(ii) particles having an average particle size of from 200-800^m, for axanpie sand or cnjshed wastes f larger 
10 m particles having an average particle size of from 1 0-20 tim. fbr exanple materials of the type of hydraulic 

material or other binder, or cnjshed wastes fmedium^: 

fw) partides having an average partide size of from 0.5-10 pm. tor example n^cromaterial. or some ntao fhr 
ashes or some other micro slags (Tine'); ' 

(v) partides having an average particle size of from 0.05-0.5 jtm fbr exarnple a latex or some oloments or soma 
IS polymers like a usual fluid loss control agent (Very fineO; wwroorBoma 

(vi) partides having an average partide size of from 7-50 mm tor example such as coHoidal well disoersed sil- 
ica or alumina CuHra-fineX 

wherein at least one of the selected particulate material comprises medium partides of a Under such as cement 
20 at least one Of the selected parlieulate material is of an average dimension finer than cement, the relative propor- 
tions of the siz»dislinclive particutate materials are such that the Packing Vblune Fraction of the particulaterS- 
tMB Is maximum fbr the selected combination of solU materials and the concentration of solid partkxjiate materials 
in Hie mixing fluid is such that the slurry exhbits a hindered setting state, where the solid partides behave collec- 
tively like a porous sofid material. - 

25 

2. A cement slurry according to claim 1 . characterised in that it contains a corrbination of Very large*, •large', 'med unf 
and fine' partculate materials 

3. A cement slurry according to claim 1 . characterised in that it contains a oont>inalion of 'very large', 'medium' and 
90 line' particulate materials. 

*• according to daims 2 or 3. characterised in that the combinab-on further indudes Very fine' partl- 

3S 5. Aslurryaccordingtoanyoldaims2to4,diaiaderisedinthatthecombinationfurtherindudes'u^ 

« 7. A cemert Slurry according daiml. Characterised in that the contonation Of solid partieuW^ 

• 24%. by weight of the solids, of cnjshedplastk: wastes (about 300 urn). 

• 50%. by weight of the solids, of oil cement (about 20 |im). 

^ • 26 %, by weight of the soTids. of fine carbonate (about 2 |im). with a density of 12 ppg (1.44 gfcm^). 

8. A cement slurry to according daim 1 , characterised in that the combination of solid particulate materials consists 

• 23%, by weight of the sdids, of silwa (about 180 )im). 

so • 51%. by weight of the solids, of oilfield cement (about 20 Mm), 

• 26%. by weight of the solids, of bsrite (feed white- about Ipm) with a density of 15.8 ppg (1.89 g/em3). 

9. A cement slurry according to daim 1 . diaracterised in that the ccmbination of solid particulate materials oonsisis 

55 

• 58%. by weight Of the soBds. Of large hematite (about 300 nm). 

• 20%. by weight of the soBds. of oilfield cement (about 20 MTTi). 

. 22%.byweightoflhe6olids.ofindustrialwasteoftypeironoxide(about2pm).withaden6ityofl9ppg 
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gton^. 

1 0. A method of cementing ofl. gas, water, geothermal wells and the lite, characterised in that a sluiry according to any 
of the claims 1 to 9 is injected into the well 

5 

Patentansprflche 

1 . Zementaufschiammung zu' Zementierung von Ol-. Wassar-, Qas-, ErdwfimiebohrtOchern und dergleichen, umlas- 
send ein Miscfifluid wie etwa Wasser und ein unlfisliches partikuiares Gemisch, umfessend mindestens drei parti- 

10 kuiara Materialien mit charakterisiischen QrOBen, ausgawaNt aus etner Qruppe iMstehend aus: 

0) Partikain mit einer mittleren PartikalgrOBe von mehr als 1 mm, t)eispielsweisa Glasmachersand oder zerMei- 
nertsAbfaileCsehrgroB'), 

IS 09 Partikeki mit einer mittleren PartikalgrOBe von 200 bis 8(» |jm. belspielsweise Sand oder zerMeineriB 

AbfaneCgroB-) 

Ciii] Partikein mit einer mittleren PartikalgrOBe von 10 bis 20 pm, belspielsweise Materialien vom Typ hydraufi' 
sches Material oder ein anderes Bindemittel, oder zerMeinerte Abffllle ('mittei'). 

20 

Ctv) Partikein mit einer mittleren PartitelgrOSe von 0,5 bis 10 |im, belspielsweise Mihromaterial oder gewisse 
Mikrofkjgaschen oder gewisse andere Mikroschlacken diein'i. 

(V) Partikain mit einer mittleren PartikslgrOBe von 0.05 bis 0,5 Mm belspielsweise ein Latex oder gewisse Pig- 
25 mente oder gewisse Polymere. wIe ein herkflmmfiches Ruldvertust-Regelungsmittel ('sehr fein"), 

(vQ Partikein mit einer mittleren PartikeigrOBe von 7 bis 50 nm, wie belspielsweise koltoidales, feinverteiltes Sili- 
ziumoxid oder Aluminiumoodd Ciitrafein'), 

90 wobei mindestens ein ausgewahttes partikuiares Material Partitel mittterer QrOSe eines Bindemittels wie Zement 
umtaSt, mindestens ein ausgewahttes partikuiares Material eine mittlere QrOBe hat die felner als Zement ist. die 
relativen Anteile der partikuiaren MateriaHen mit charakteristischen QrOBen derart sind, daB der Packvolumenge- 
haK des partikuiaren Qemisches fOr (fie ausgewahlte Kbmbination von Festmateriaflen maximal ist und die Kbn- 
zentration von (esten partikuiaren Materialien in dem Miechfluid derart ist daB die Aufschiamnwng einen 

35 behindertenSedinentationszustandaufwelst wobei die festenPartikelSKhkollektiv wie ein por^ 

2. Zementaufschiammung nach Anspruch 1 , dadurch gekennzeichnet. daB sie eIne KorTt)inBtkin von "^r groBerf . 
'groBen', 'mittleren' und feinen' partikuiaren Materialien enlhatt. 

40 

3. Zementaufschiammung nach Anspruch 1 . dadurch getennzeichnet. daB sie eine Kombinatton von 'sehr groBen'. 
'mittleren' und feinen' partikuiaren Materielien enthait. 

4. Zementaufschiammung nach Anspruch 2 oder 3, dadurch gekennzeichnet daB die Kbmbination weiterhin 'behr 
45 feine' Partikel enthait 

5. Zementaufschiammung nach einem der AnsprOche 2 bis 4, dadurch gekennzeichnet daB die Koi^^ 
hm "ullrafeine* Partikel enlhatt. 

50 6. Zvnentaufschiammung nach einem der AnsprOche Ibis 5, dadurch gekennzeichnet daB sie weiteriiin einen aus- 
rek:henden Anteil herkOmmlicher Olfeldzementierzusatze umfaBL 

7. Zementaufechiammung nach Anspruch 1 , dadurch gekennzeichnet, daB die Komtrinalion der festen partikuiaren 
MateriaHen zu 



24 %, bezogen auf das Gewreht der Feststoffe, aus zerideinerten Kunststoffabfailen (etwa 300 urn). 
50 %, bezogen auf das GewKht der Feststoffe, aus OifeMzement (etwa 20 )im), 

26%, bezogen auf das QewKht der Feststoffe, ausfeinemCartx>nat(etwa2iim)miteinerDKhtevon 12ppg 
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(1,44gA3n3)besteht 

8. Zemwitaufschiainmung nach Anspruch 1 . dadurch gekennzeichnet, da8 die Kbmbination der festen pertloiiaren 
MateriaUenzu 

• 23 %. bezogen auf das Qewicht der Feststoffe. aus SiEziumoxid (etwa 180 lon). 

• 51%, bezogen auf das GewicM der Feststoffe. aus Olfeldz6ment( 

• ^ J^^^^jJiJ" Qowncht der Feststofte, aus Baryt (Blano-f ixe. etiwa 1 miti) mit einer Dichle von15,8 ppg 

9. Zementaufechiammung nach Anspruch 1 . dadurch gekennzeichnet. daS die Kiambination der festen partilajlaren 



• 58%. bezogen auf das Qewicht der Feststoffe. aus grobemHaematit (etwa 300 |im). 

19 • 20%, bezogen auf das Gewicht der Feststoffe, aus OlfeWzement (etwa 20 Jim). 

• 22 %. bezogen auf das Qewicht der Feststoffe. aus Industrieabfall vom Ei6enoxid-Typ(etwa 2 um) m» einer 
DIchte von 19 ppg (2.1 g/crn^) besteht. 

10. Vertahren zur Zemenderung von Ol-. vyfasser-, Gas-. EidwarmebohrlOchem und dergleichen, dadurch gel«nn- 

20 zaichneldaSelneAulschiammungnacheinemderAnsprachelbisgindasBohrtoch^^ 



1 . l^er de dment pour cimenter des puits de p^ole, d'eau. de gaz. gtethanniques et simiiaires. comprenant un 
25 flulde de m6iange tei que de i'eau at un melange particulaire insoluble comprenant au moins trois matidres parli- 
cufaires se distinguant par leur taille choisies dans le groipe constitu6 par : 

(i) lee particules ayant une taille moyenne de particule sup6rieure a 1 mm. par e)«nple du sable de venerie 
ou des dtehets broyte n^te giandes*) ; 
90 OQ las particules qnnt une taille moyenne de particule de 200 & 800 (im, par exenple du saUe ou des dtehets 

broyte rgrandes"): 

(H) les particules ayant ine telle moyenne de particUe de 10 ft 20 |im. par exenple des matidres de type 
matidre hydraulique ou un autre Ham. ou des dtehets broyte ('mayennes') ; 

pv) les particules ayant une taille moyenne de particule de 0.5 ft 10 tim, par exenple une nacromatidre. ou 
35 canainesmiao^endresvolantesou certains autresmicnHai1iers(fines-7: 

(V) les particules Q«nt una taille moyenne de particule de 0.05 & 0,5 tim, par exenple un latex ou certains pig- 
ments ou certains polymdres tels qu'un agent habituel rdgulant la parte de fluide (trte fines'^ : 
(vi) les particules qrant une taille moyenne de particule de 7 a 50 nm. telles que par exenple la siNce ou I'alu- 
mine oolloldales trte dteperstes ('ultra-fines'). 

40 

dans lequel au moins rune des malidres particuiaires choisies oonprend des particules mqyennes d'un liant 
tel que du dment, au moins rune des matidres paniculaires choisies a une dimension moyenne plus fine que le 
ciment. Ite praportions relatives dte matiftres particuiaires se distinguant par leur taille sont teliM qua la fraction 
volumique de tassement {« Paddng Nfolume faction ») du mteuige particulaire est maximale pour la oonMnai- 
45 son dwisie da matidres soiides, et la concentration des matidres particuiaires solides dans le fluide de melange 
est tele que le laitier prteente un dtat dans lequel la sMimentation est enpfichte (( ( hindered settling state »). 
les particulea sdides se conportant alors collaetivement comme ine matidre soiide poreusa 

2. Laitier de dment selon la revendication 1 , caract6ris6 en ce quil contient une oombinaison de matidres oarticulal- 
50 rea -trte grandes'.'grandes". "mayennes- et "fines". h»«.u«i 

3. Laitier de ciment selon la revendication 1 . caract6ris« en ce qu'il contient une conpinaison de matidres particuiai- 
res Trte grandes". "moyennes" et Tines". ^ 

55 4. Laiti«de dmentselonlesrewndicaBons2ou3.caract6^ 
les trte fines*. 



& Laitierselonrunequelconquedesrevendications2a4.caract6ris6 



en ce que la conpinaison indut en outre des 
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particules 'ultra-fines'. 

6. Laitier selon I'une quelconque des revendications 1 d. 5, caract6ris6 en ce qu'il comprend en outre une proportion 
sulf isante d'addtifs habituels pour la cimentation d'un champ pdtrolH dre. 

7. Laitier de dment seion la revendication 1 , caractdrisd en ce que la comtjinaisan da matidres particulaires solides 
est constitute par : 

• 24 % en poids, par rapport aux matidres solides, de dtehets de plaslique broyds (environ 300 fim) , 

• 50 % en poids. par rapport aux matidres solides, de ciment pour chanp p6trolifdre (erwiron 20 fim), 

• 26 % en poids, par rapport aux matidres solides, de caitMnate fin (environ 2 (un) cqrant une masse volumique 
de1,44 0rcm3(12ppg). 

8. Laitier de ciment selon la revendication 1 , caract6ris6 en ce que la oomtiinaisan de matidres particulaires solides 
est constitute par : 

• 23 % en poids, par rapport aux matidres solides. de silice (environ 180 pm), 

• 51% en poids. par rapport aux matidres solides.de ciment pour champ pdtrolifdre (environ 20 Mm). 

• 26 % en poids, par rapport aux nwttidres solides, det>arytine(t3ianc fixe- environ 1 um)ay^ 
nique de 1 ,89 n/arfi (15.8 ppg). 

9. Laitier de ciment selon la revendicalion 1 . caract6ris6 en ce que la combinaison de nratidres particulairee sdidas 
est oonstitude par : 

• 58 % en poids, par rapport aux matidres soBde8,d^dmalitegrande (environ 300 iim), 

• 20 % en poids, par rapport aux matdres solides^ de ciment pour champ pdtrolifdre (environ 20 ^an), 

• 22 % en poids, par rapport aux matidres solides, de ddchets industriels de type os^e de fer (environ 2 |im) 
ayant une masse volumique de 2,1 gfcn? (19 ppg). 

10. Procddd pour dmentar des puHs de pdtrola, de gaz, d'eau, gdothermiques et similaires. caractdrisd an ce qu'Un 
laitier selon I'une quelconque des revendications 1 d 9 est ir^ectd dans Is puits. 
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